To improve the thawing technique and the thawing efficiency of high voltage electrostatic thawing, reducing the energy consumption, the effects of technical parameters on the thawing rate and energy consumption were investigated. Ice contained in the Petri dish was put in the high voltage electrostatic field which was made up of a multiple point pole and a plate pole. By changing the thawing voltage, the electrode spacing and the distance between the two neighboring needles, the factors related to the thawing rate and energy consumption were quantitatively studied. The results indicate that when the distance between the needle electrodes and the surface of the plate pole is constant, the thawing rate increases linearly while the thawing energy consumption increases nonlinearly with the supplied voltage. When the supplied voltage is not changed, the ice thawing rate and energy consumption are changed with the distance between the two neighboring needles. When the distance between the two neighboring needles is not changed, the ice thawing rate and energy consumption are changed with the electrode spacing. When the electrode spacing is 9 cm, the thawing rate is the highest while the energy consumption is relative least, 45 kV is the optimum value for thawing voltage.
Introduction
Thawing is one of the most important methods in food processing. The quality of thawed product and the energy consumption depends on the thawing method. With the continuous improvement of living standards, the traditional food thawing method can not meet people on their high-quality, low power requirements. Currently, the general thawing methods are mainly these: external heating through convection, radiation or conduction etc, internal heating by using the high-frequency, and low-frequency transduction or the microwave's electric induction etc [1] - [5] . The defrosting experience has shown that in the common heating methods the heat penetrates too slowly and apt to bring a second pollution, which is not good for fresh holding, and the color, weight or the nutritional ingredient are not as good as that before freezing. And in the internal heating for defrosting, there are obviously in equable-heating or partly over-heating which is very possible to occur during heating. Rapid thawing at low temperatures can help to prevent the loss of food quality during thawing process [6] . This is obviously a challenge for traditional thawing processes, because the use of lower temperatures reduces the temperature difference between the frozen sample and the ambient, which is the principal driving force for the thawing process [7] .
High voltage electrostatic thawing is a novel method of non-thermal processing, and is being developed recently [8] - [11] . The thawing can be carried out using either AC or DC high voltages. Multipoint and plate electrode systems are efficient in accelerating thawing of freeze materials. Compared with heat-thawing systems, high voltage electrostatic thawing systems offer lower food production costs along with superior quality in terms of physiochemical properties and nutrient content. Compared with microwave-thawing, high voltage electrostatic thawing systems give their simpler design and lesser energy consumption. Some recent studies describe the advantages of high voltage electrostatic thawing process, including reduction in thawing time and preservation of food quality [12] - [15] .
However, it is not a profoundly explored method of thawing, and, its thawing rate is also relative low, various factors such as voltage, the electrode gap, the size of the electrode and so on are imperfect to the thawing rate and energy consumption effect rule research.
Therefore, profound and comprehensive study on the effect of thawing rate and energy consumption affected by various technical parameters plays a important role in increasing the thawing rate, reducing the energy consumption, optimizing the thawing technology, and developing new thawing equipments for production or making a further analysis on the mechanism of EHD thawing. The objectives of this research were to explore how these technical parameters effect the thawing rate and energy consumption through the changes of experimental conditions, such as changing the output of the high voltage values, the electrode gap, and the distance between the two neighboring needles, and find out the main technical parameters that affect EHD thawing rate and energy consumption so that we can reveal the thawing law, validate the thawing mechanism, optimize the thawing technology, increase the thawing rate and save the energy sources.
Experimental setup and procedure

Experimental setup
The experimental setup for high voltage electrostatic thawing is shown in Fig. 1 . It mainly consists of a vertically electrode with a multiple pointed needle projected to a fixed horizontal grounded metallic plate on which the ice to be dried is placed. The electrode gap and the distance between the two neighboring needles can be adjusted depending on the need of the experiment. The high-voltage electrodes are connected are connected to a direct current high-voltage power, which supplies positive high voltage. In order to set the desired high-voltage parameters for high voltage electrostatic thawing, the power source is connected to a voltage regulator; the range of voltage can be adjusted from 0 to 60 kV by a controller. The grounded plate electrode was a 40×35 cm rectangle stainless steel plate. The apparatus was placed in a stainless steel chamber. 
The effect of the distance between the two neighboring needles on thawing rate and energy consumption
The Petri dish containing the ice sample (10 cm in diameter) was placed on the grounded stainless steel plate for exposure to high voltage electrostatic thawing. It was subjected to high voltage electrostatic thawing for 20 min at ambient temperature (15±1 ) and at 65±3% relative humidity. During thawing, the voltage was kept constant (45kV), and the electrode gap was 8 cm, the distance between the two neighboring needles increased from 2 cm in increments of 1 cm to 9 cm. The defrosting of ice mass was determined by weighing in a digital balance with 0.01 mg precision and the consumed power was determined by an ammeter. Then, the thawing rate and energy consumption curve for ice thawed with the distance between the two neighbouring needles was showed, respectively.
The effect of the electrode spacing on drying rate and energy consumption
The same ice sample was subjected to electrostatic field thawing for 20 min. During thawing, the distance between the two neighbouring needles was 7 cm. the electrode spacing increased from 5 cm in increments of 1 cm to 10 cm, and the applied voltage was increased from 25 kV to 50 kV at an increment of 5 kV accordingly. The defrosting of ice mass and the consumed power were determined. Then, the thawing rate and energy consumption curve for ice thawed with the electrode spacing was showed respectively.
The effect of different thawing voltage on thawing rate and energy consumption
The same ice sample was subjected to electrostatic field thawing for 20 min. During thawing, the distance between the two neighbouring needles and the electrode spacing were kept constant (7 cm and 8 cm respective). The applied voltage was increased from 5 kV to 50 kV at an increment of 5 kV. The defrosting of ice mass and the consumed power were determined. Then, the thawing rate and energy consumption curve for ice thawed with the thawing voltage was showed.
Experimental results
The effect of the distance between the two neighboring needles on thawing rate
The thawing rate curve for ice thawed with the distance between the two neighbouring needles is shown in Fig. 2 . We can see from the figure that when the distance between the two neighboring needles is 6 cm, the thawing rate is the largest.
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The effect of the distance between the two neighboring needles on energy consumption
The energy consumption curve for ice thawed with the distance between the two neighbouring needles is shown in Fig .3 . It seems that the energy consumption will reduces with increase of the distance between the two neighbouring needles, Considering Figs 2 and 3 synthetically; the fastest thawing rate was obtained when the distance between the two neighbouring needles is 6 cm. It could use little electrical energy, so 6 cm is the optimal distance between the two neighbouring needles. 
The effect of the electrode spacing on thawing rate
As shown in Fig. 4 , it seems that the thawing rate and the electrode spacing have a certain correlation. When the electrode spacing is 9 cm, the thawing rate is the largest.
The effect of the electrode spacing on energy consumption
The energy consumption curve for ice thawed with the distance between the two electrodes is shown in Fig .5 . It shows the energy consumption will improve with improvement of the electrode spacing from 5 cm to 10 cm, Considering Figs 4 and 5, it can be deduced that 9 cm is the optimum spacing for obtaining higher drying rate, while maintaining lower power consumption.
The effect of different thawing voltage on thawing rate
The thawing rate curve for ice dried with the thawing voltage is shown in Fig. 6 , it seems that the thawing rate was significantly improved by the electric field, for high voltage electrostatic thawing, the thawing device consists of a points-plate electrode system. Under the high voltage, the electric field intensity becomes so high that some charged particles in air are accelerated with large enough energy. These particles collide with the air molecules and lead to the disassociation of the latter to electrons and ions which keep colliding with other molecules and generate new charged particles. From this process, large amount of charged particles are then produced. Particles with different charge from the tip fly to it and neutralize the charge on the tip, while particles with the same charge fly away together with other molecules and form the ionic wind, which resembles a round jet, impinges and defrosts ice. The thawing rate of the ice increases nonlinearly with the voltage. Fig. 7 shows the energy consumption curve for ice dried with thawing voltage, we can see from the figure that the energy consumption will increase sharply when voltage exceeds 25 kV. We conclude that 45 kV is the optimum thawing voltage according to the results comprehensively derived from Figs 6 and 7 as its largest thawing rate but relatively low energy consumption. Fig .7 . Effect of the different thawing voltage on EHD energy consumption 4. Conclusions 1. The thawing rate and energy consumption are changed with the distance between the two neighboring needles. When the distance between the two neighboring needles is 6 cm, the thawing rate is the largest while the energy consumption is relatively least.
The effect of different thawing voltage on energy consumption
2. The thawing rate and energy consumption are changed with the electrode spacing. When the electrode spacing is 9 cm, the thawing rate is the largest while the energy consumption is relatively least.
3. The thawing rate and energy consumption are changed with the thawing voltage. 45 kV is the optimum value for thawing voltage.
